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We evaluated the role played by background exposure (i.e. exposure to Environmental
Tobacco Smoke, ETS, from sources other than parental smoking) when evaluating the
effect of parental smoking on lung function of adolescents. We performed a cross-sectional
survey (937 adolescents) in the Lazio Region. Data were collected by a questionnaire, lung
function tests and urinary cotinine to creatinine ratios (CCR) were measured. We found
that 62.1% of subjects were exposed to current parental smoke. Among the 355
adolescents not exposed to parental smoke, a total of 92 (25.9%) had CCR levels greater
than the median value of the distribution (17.3 ng/mg). Subjects with smoking parents had
higher FVC and significant lower FEV1/FVC ratios than subjects without smoking parents.
When ‘‘Background’’ ETS exposure was removed from the unexposed group by separately
studying those without parental exposure but with CCR417.3, results showed a reduction
in lung function due to parental smoking which is greater compared to the previous model.
Our study adds further evidence regarding the detrimental effect of ETS on lung function
of adolescents. Negative results on the effect of parental smoking on lung function should
be revisited if background exposure has not been considered in the analysis.
& 2006 Elsevier Ltd. All rights reserved.Introduction
Exposure to parental smoking has been repeatedly asso-
ciated with reduced lung function in early childhood both inElsevier Ltd. All rights reserved.
30154236;
m (G.M. Corbo).cross-sectional and cohort studies.1 Maternal smoking, more
than paternal or smoking by other household members, has
been suggested as the dominant risk factor.1,2 Effects of
maternal smoking have been mainly linked with exposure in
utero but also with neonatal exposure. In their paper Cook
et al.1 concluded about a causal relationship between
parental smoking and reduced lung function in their children
although they noted that some studies on parental smoking
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simple exposure classification on the basis of parental report
of their smoking habits may lead to misclassification with
respect to the true Environmental Tobacco Smoke (ETS)
exposure status. The degree of misclassification may
increase with the child’s age, when factors outside home
may play a greater role.3–5
Exposure to ETS from sources other than parental
smoking, ‘‘background exposure’’,6 includes all involuntary
exposures to smoke at home (from friends and occasional
visitors) and in public places (cafes, shops, restaurant and
public transport). Background exposure is difficult to
quantify since it depends on the time-activity pattern of
the subject (indoors and outdoors), the overall prevalence
of active smokers in the population, and the social
restrictions on smoking in public places. In a previous paper,
we reported that background exposure, measured with
urinary cotinine as a biomarker, has a detrimental effect on
the lung function of children whose parents have never
smoked.7
In the present report, again using urinary cotinine as
biomarker of exposure, we have evaluated the role played
by background exposure when evaluating the effect of
current parental smoking and of maternal smoking during
pregnancy on lung function of children and adolescents.Methods
Data collection
The design of the study, subject selection, and descriptive
data on urinary cotinine in the overall sample have been
previously described.5,7 Briefly, the data were obtained
during a survey on asthma conducted in 1990–1991 in the
Lazio Region of central Italy, which includes Rome. The
survey enrolled all those elementary (grade 5) and second-
ary school students (grades 6–8) who had been randomly
selected. A self-administered questionnaire, adapted from
the American Thoracic Society children’s questionnaire,8
was completed by parents, who in addition gave written
consent for a clinical examination. Information was obtained
on the parents’ smoking habits. Respondents were asked
whether the child’s mother had smoked during pregnancy.
The presence of other smokers in the household was also
investigated. Data on demographics, socioeconomic condi-
tions, health history, and home characteristics were also
collected.
All the subjects had a clinical examination which included
lung function tests and a brief interview. A physical
examination was performed in order to exclude children
for whom spirometry was contraindicated or unfeasible; a
baseline pulmonary function test (water-filled spirometer)
was performed on all others. At least three recorded
attempts with a noseclip were made on each child. Forced
vital capacity (FVC), forced expiratory volume in 1 s (FEV1),
peak expiratory flow (PEF) and forced expiratory rates at
50% (FEF50), 75% (FEF75) and between 25% and 75%
(FEF2575) of vital capacity were recorded. The values for
the best blow, defined as the greatest sum of FVC and FEV1,
were analysed. The subject was interviewed privately by a
physician, using a structured questionnaire about personalactive cigarette smoking. Lastly, the subject was asked both
about the smokiness of the environment at home and in
other places which he had frequented in the last three days
and about the time spent in smoky environments outside the
home.
The children were asked to collect a sample of first
morning urine on the day of the clinical examination.5 Urine
samples were frozen at 221C and stored in batches.
Urinary cotinine was measured in duplicate by radioimmu-
noassay according to the technique described by Van Vunakis
et al.9 Urinary cotinine excretion was expressed in nano-
grams per milligram of creatinine (CCR).
Data analysis
For this analysis, we included the 1387, 12–15-year-old
children who were examined during the second year of the
survey. A total of 1199 urine samples were collected and
analyzed for cotinine concentration. Several exclusions
were made to ensure that the group contained only non-
asthmatics and non-smoking subjects: 97 adolescents who
admitted to being regular (n ¼ 31) or occasional (n ¼ 66)
smokers; and 30 additional children who claimed to be non-
smokers but had more than 100 ng/ml of cotinine in their
urine. This value is considered to be the cut-off to
distinguish non-smokers from smokers,10 and so these 30
were classified as active smokers. Also excluded were 19
children, who were unable to undergo spirometry, 81, who
had a history of asthma; and 35 for whom complete
information about parental smoking or asthma on the
questionnaire was not available. Thus, the final sample
included 937 subjects.
The outcome variables were: FVC, FEV1, FEV1/FVC,
FEFF50, FEF75 and FEF2575. Exposure variables included:
maternal smoking (current but not during pregnancy;
current and during pregnancy), and current paternal
smoking. In an operational definition, background exposure
was considered present if children of parents who were not
current smokers had a CCR level higher than the median
value (CCR ¼ 17.30 ng/mg).
We used linear regression to model the lung function
measurements as a function of exposure defined on the basis
of questionnaire data. Children not exposed to current
parental smoking were considered the referent group.
Adjustment was made for sex, age, height, BMI (weight/
height2). The results reported are the estimated differences
in lung function (in ml) for exposed children relative to
unexposed children. In a second step, regression analysis
was repeated using a more refined non-exposed group as
reference, i.e. a group of subjects not exposed to current
parental smoking and with urinary cotinine levelspthe
median value of the overall distribution. Further analyses
was conducted applying restrictions to the category of
unexposed subjects on the basis of different CCR values.
Results
Five hundred and eighty-two subjects were exposed to
current parental smoke; in 39.2% (228/582) the mother was
a current smoker but did not smoke during pregnancy, in
11.7% (68/582) the mother was a current smoker and also
ARTICLE IN PRESS
G.M. Corbo et al.770smoked during pregnancy, in 49.1% (286/582) only the father
was a current smoker. Among the 355 adolescents not
exposed to parental smoke on the basis of questionnaire
data, a total of 92 (25.9%) had CCR levels greater than the
median value of the distribution (17.3 ng/mg). On the other
hand, among subjects whose at least one parent claimed to
be smoker, a total of 205 (35.2%) had CCR less than the
median.
The main characteristics of the subjects according to ETS
exposure are shown in Table 1. There were no differences
with regards to sex, age and height. No clear pattern was
evident with regards to father’s education, althoughTable 1 Characteristics of the study subjects according to env
Unexposed Exp
CCRp17.3
(N ¼ 263)
CCR417.3
(N ¼ 92)
Mat
Curr
(N ¼
Sex (males) (%) 50.6 46.7 43.4
Age (years) mean (SD) 13.3 (0.6) 13.2 (0.6) 13.4
Father’s education (years) (%)
o6 29.4 33.3 27
6–8 31.7 37.7 42
9–13 31.3 25.6 28.8
413 7.6 3.3 2.2
Household crowding (%)
Low 24.4 18.6 20.6
Medium 68.8 64.1 69.7
High 5.3 15.2 7.5
Other smokers at home
Yes (%) 5.2 12.4 10.6
Smoking environment at home
Not at all 85.7 70 16.7
A little 12.7 23.3 59
Moderately 1.2 5.6 20.7
Very 0.4 1.1 3.6
ETS exposure inside home hours (%)
o2 90.3 78.9 33
2–8 6.4 17.8 38.8
9–16 2.1 2.2 19.2
416 1.3 1.1 8.9
Visiting smoky places outside the home
Yes (%) 20.5 43.5 26.7
ETS exposure outside home hours (%)
0 79.1 56.5 74.6
o2 12.5 21.7 11
2–4 6.5 9.8 11.8
44 1.9 12 2.6
CCR
Mean (SD) 9.3 (4.2) 28.6 (13) 30.1
CCR ¼ Cotinine/creatinine ratio (ng/mg).families with no parental smoking tended to be more
educated. Subjects with a high levels of CCR whose parents
were not smokers tended to live in more crowded houses,
with other smokers in the household. The smokiness of the
home environment was much greater in the families with
smoking parents than in families with at least one smoker
parent. Moreover, smokiness in households with non-smoking
parents was greater in subjects with high value of CCR than
in subjects with CCRo17.3 ng/mg. The same pattern was
observed considering the hours of exposure inside the home.
Lastly, subjects whose parents claimed to be non-smokers
and whose CCR was above 17.3 ng/mg tended to spend moreironmental tobacco smoke exposure (ETS).
osed
ernal smoking Current paternal
smoking
(N ¼ 286)ently only
228)
Currently and
during pregnancy
(N ¼ 68)
50 52.4
(0.7) 13.3 (0.7) 13.3 (0.7)
33.8 36.1
36.8 38.2
20.6 20.7
8.8 4.9
11.8 17.1
77.9 74.8
7.4 6.3
6.2 5.8
7.5 26
50.7 56.2
26.9 16
14.9 1.8
21.2 42.7
40.9 37.6
25.8 14.3
12.1 5.4
25.4 24.2
75 73.1
16.2 14.3
7.4 8
1.5 4.5
(20.5) 39.1 (28.5) 24.1(16.8)
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subjects in the other groups.
To investigate the effects of ETS on lung function, we first
estimated the difference in spirometric measures, compar-
ing the children exposed to parental smoking to those not
exposed to parental smoking, without taking into considera-
tion the non-parental ETS exposed indicated by a CCR value
above the median value. Subjects with smoking parents had
higher FVC and significant lower FEV1/FVC ratios and Forced
Expiratory Flows at the end of vital capacity than subjects
without smoking parents (Table 2). The effect was greater in
subjects exposed to maternal smoking currently as well as in
pregnancy, and slightly lower in subjects exposed to
paternal smoking. ‘‘Background’’ ETS exposure was removed
from the unexposed group by separately studying those
without parental exposure but, with CCR417.3 (Table 3).
Results from those models showed a reduction in lung
function due to parental smoking which is greater as regards
both maternal and paternal smoking compared to the
previous model. Although imprecisely estimated, poor lung
function was also observed among those children who did
not smoke but had CCR417.3, compared to those withTable 2 Lung function in children accordin according to paren
Unexposed
(N ¼ 355)
Exposed
Maternal smoking
Currently only
(N ¼ 228)
FVC (l) Ref 0.084 (0.03)***
FEV1 (l) Ref 0.038 (0.03)
FEV1/FVC (%) Ref 1.055 (0.41)**
FEF25–75 (l/s) Ref 0.083 (0.06)
FEF50 (l/s) Ref 0.026 (0.07)
FEF75 (l/s) Ref 0.189 (0.06)***
Reference: Children whose parents do not smoke. Values are regressi
education. *Po0.05, **Pp0.02, ***Po0.01.
Table 3 Lung function in children according to parental smoki
Unexposed
CCRp17.3
(N ¼ 263)
CCR417.3
(N ¼ 92)
FVC (l) Ref 0.007 (0.04)
FEV1 (l) Ref 0.038 (0.04)
FEV1/FVC (%) Ref 1.203 (0.59)*
FEF25–75 (l/s) Ref 0.196 (0.09)*
FEF50 (l/s) Ref 0.189 (0.10)
FEF75 (l/s) Ref 0.168 (0.08)*
Reference: Children whose parents do not smoke and CCR values belo
adjusted by age, sex, height, BMI and father’s education. *Po0.05,lower CCR. Finally, we repeatedly analysed the effect of
parental smoking on the FEV1/FVC ratio, increasingly
restrictive definitions of the reference group (Table 4).
The CCR was used to set different definitions of ‘‘unex-
posed’’. As the cut-off point of CCR decreased in the
unexposed subjects, we observed a parallel increase in the
decrement of lung function both in term of the magnitude of
the effect and in its precision.Discussion
This study confirms that current maternal and paternal
smoking, and maternal smoking during pregnancy are
associated with a decrease in lung function in children and
adolescents. We have sought to demonstrate the importance
of characterizing and then controlling for non-parental
sources of ETS, when estimating the magnitude of the
effect of parental smoking.
The effect of exposure to maternal smoking tends to be
greater than exposure to paternal smoking and subjects
exposed both currently and in utero tend to have greatertal smokin arental smoking.
Current paternal
smoking
(N ¼ 286)Currently and during
pregnancy (N ¼ 68)
0.112 (0.05)* 0.035 (0.03)
0.044 (0.04) 0.006 (0.03)
1.493 (0.64)** 0.766 (0.38)*
0.169 (0.10) 0.099 (0.06)
0.109 (0.11) 0.021 (0.07)
0.212 (0.09)* 0.138 (0.05)**
on coefficient (SE) adjusted by age, sex, height, BMI and father’s
ng.
Exposed
Maternal smoking Current paternal
smoking
(N ¼ 286)Currently only
(N ¼ 228)
Currently and
during pregnancy
(N ¼ 68)
0.085 (0.03)** 0.114 (0.05)* 0.037 (0.03)
0.028 (0.03) 0.034 (0.05) 0.004 (0.03)
1.363 (0.44)*** 1.799 (0.65)*** 1.074 (0.41) ***
0.133 (0.07) 0.219 (0.10)* 0.150 (0.06) *
0.075 (0.08) 0.157 (0.11) 0.069 (0.07)
0.233 (0.06)*** 0.255 (0.09)*** 0.181 (0.06)***
w the median (17.3 ng/mg) Values are regression coefficient (SE)
**Pp0.02, ***Po 0.01.
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G.M. Corbo et al.772reduction in lung function as the growth of airways can be
impaired in utero. We observed an increase in FVC mainly in
subjects exposed in utero: this finding is to be yet
described,11 and it may due to the effect of smoke during
pregnancy that affects mainly the growth of airways rather
than lung volume.
The measurement of urinary cotinine allowed us to
demonstrate that the reference group (i.e. subjects who
were reported by their parents not exposed to parental
smoking) included subjects who were exposed to other
sources of smoking. The reduction in lung function was
stronger when the detrimental effects of background
exposure was taken into account.
Selection of sample was made to exclude active smokers
using both personal interview data and cotinine measure-
ment above 100 ng/ml although a source of selection bias
might be represented by the irregular smoking at this age
and the short half-life of cotinine.
Although it is considered that cotinine measurement
provides an accurate estimate of smoking status (i.e. non-
smoker vs smoker),12 and various cut off points have been
proposed to discriminate non-smokers from smokers (50,
100 ng/mg),10,13 the cut-off level of urinary cotinine
indicating exposure to ETS has not been clearly established
because the sources of exposure varies with the age, sex,
and life-style of the subjects.14 Although a CCR ¼ 10 ng/mg
was suggested as the cut-off point able to discriminate
between exposed and non-exposed in a previous study, 14%
of the children reported to be non-exposed had values
greater than 10 ng/mg.15 This threshold value has been used
in a subsequent study.16 The main sources of smoke for
children are considered to be the parents,5 but Cook et al.17
found that even in non-smoking households about 88% of
children had cotinine concentrations detectable in the
saliva. In addition, as children age they spend more time
outside the home in places where they can be exposed to
ETS, and may be misclassified on the basis of parental
reports alone, as the level of exposure depends on the
prevalence of smoking in the community.4
We used an arbitrary cut off, the median of our non-
parental smoking’ subjects, to define subjects exposed to
background smoking (i.e. the median value of CCR in the
whole sample). Subjects with CCR above the median, but
with non-smoking parents, tended to live in more crowded
houses, with other smokers, and they reported to spend
more time in smoky environments than subjects with CCR
below the median. Both inside and outside the home
exposures contributed to high levels of CCR, and the outside
exposures were linearly related to hours of exposure
(Fig. 1). Thus we suggest that a cut-off for discriminate
between exposed and non-exposed subjects may depend on
the prevalence of smoking in the studied population4 and it
should be derived from urinary CCR: we used the median
value of CCR in the whole sample but other thresholds could
be tested.
The detrimental effects of background exposure on lung
function among children and adolescents have been pre-
viously documented.7 In our study the biologic marker
revealed substantial exposure in 26% of adolescents who
came from households reported to consist of non-smokers.
These subjects had a reduced lung function with a
significant lower FEV1/FVC ratio, FEF25–75 and FEF75. It has
ARTICLE IN PRESS
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Figure 1 Hours of exposure to ETS as predictor of high CCR in
subjects non-exposed to parental smoking.
Misclassification of exposure to passive smoking 773been recently demonstrated in a longitudinal study of non-
smoking adults18 that salivary cotinine is associated with a
decrease of FEV1 whereas questionnaire data on ETS
exposure is not, thus suggesting the importance of exposure
outside the home. Our data demonstrated that the back-
ground exposure can be a source of non differential
misclassification. In children exposed to parental smoking,
the effect on lung function is under estimated when subjects
with high values of CCR were included in the reference
group. Moreover, we were unable to find a threshold for this
effect: the increase in lung impairment as CCR cutoff point
for the reference group decreased. The reduction of FEV1/
FVC ratio in subjects exposed to paternal smoking was equal
0.766% (P ¼ 0.048) if the reference group included all the
subjects whose parents never smokers. The estimated
decrement increased to 1.511% when the reference group
included only subjects with CCRp10 ng/mg. One implication
of this phenomenon is that the effect of paternal smoking,
which is generally less that of than maternal exposure, can
be easily underestimated if the misclassification due to
background exposure has not been considered.
Our study adds further evidence regarding the detrimen-
tal effect of ETS (parental smoking and background
exposure) on lung function of children and adolescents.
Moreover, there is good reason to suggest that negative
results on the effect of paternal smoking on lung function
should be revisited if background exposure has not been
considered in the analysis.
We suggest that background exposure should be taken
into account since it can lead to misclassification for
subjects who are apparently un-exposed.
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